ANALYSIS I n a r e c e n t i s s u e of t h e J o u r n a l of t h e Acoustical S o c i e t y of America spectrographic d a t a on t h e process of vowel r e d u c t i o n were presented (I).
It was shown t h a t , i n t h e middle p o r t i o n s of vowels embedded i n symmetrical CVC s y l l a b l e s , f o rmant f r e q u e n c i e s tended t o v a r y , sometimes by 500 c / s o r more, depending on t h e d u r a t i o n of t h e vowel and t h e l o c a t i o n of f o rmant f r e q u e n c i e s i n t h e adjacent consonantal c o n t e x t . The ext e n t t o which t h e vowel formant f r e q u e n c i e s reached t h e i r t a r g e t v a l u e s a s a f u n c t i o n of vowel l e n g t h was described by means of an exponential f u n c t i o n . This f i n d i n g permitted a s p e c i f i c a t i o n of t h e t a r g e t of a given vowel i n terms of t h e asymptotic v a l u e s of i t s f i r s t two formant f r e q u e n c i e s , Being independent of cons o n a n t a l context a s w e l l a s vowel d u r a t i o n t h e s e v a l u e s could t h u s be considered t o r e p r e s e n t an i n v a r i a n t a t t r i b u t e of t h e vowel. These r e s u l t s were obtained from t h e speech of one t a l k e r and f o r a s e t of l a x Swedish vowels.
The purpose of t h e present paper i s t o present both s p e c t r o g r a p h i c and c i n e r a d i o g r a p h i c d a t a f o r a d i f f e r e n t t a l k e r t h a t supplement t h e e a r l i e r i n v e s t i g a t i o n .
Spectrographic measurements
Measurements of vowel formant f r e q u e n c i e s and vowel d u r a t i o n have been made f o r a s e t of t e n s e and l a x Swedish vowels produced a t v a r y i n g t a l k i n g r a t e s i n t h e environment of voiced d e n t a l stops. Some of t h e r e s u l t s a r e exemplified i n Fig. 1-1 .
On t h e logarithmic s c a l e of t h e o r d i n a t e t h e s h i f t i n
F from i t s t a r g e t i s expressed a s a percentage of t h e d i s t a n c e 2 between t h e i n i t i a l /d/-locus and t h e t a r g e t i n question. T h i s percentage has been p l o t t e d a g a i n s t vowel d u r a t i o n f o r 6 t e n s e and 6 l a x vowels. Each point i s based on 3 i n d i v i d u a l measurements of F2 and vowel d u r a t i o n . The determination of t a r g e t s followed t h e procedures o u t l i n e d e a r l i e r ('). To f a c i l i t a t e a * T h i s i s a somewhat modified v e r s i o n of a paper r e a d a t t h e 67th
Meeting of t h e A c o u s t i c a l S o c i e t y of America, May 1964, New York comparison of t h e t e n s e and t h e l a x vowels i d e n t i c a l l i n e s have been drawn v i s u a l l y through t h e two groups of p o i n t s .
The f o l l o w i n g o b s e r v a t i o n s can be made r e g a r d i n g t h e m a t e r i a l presented i n Fig. 1-1 . S i m i l a r t r e n d s a r e found i n t h e d a t a on t h e first and t h i r d formants.
1.
The f i t of t h e p o i n t s t o t h e s t r a i g h t l i n e s i s reasonably good. The p l o t s of Fig. I-? being semilogarithmic t h e exponential c h a r a c t e r of t h e d a t a i s apparent.
2.
For a given vowel d u r a t i o n t h e magnitude of t h e formant frequency displacement i s r e l a t e d p r i m a r i l y t o t h e l o c a t i o n of formants a t t h e i n i t i a l "locus", o r CV boundary, which w a s not found t o v a r y systema t i c a l l y with vowel l e n g t h . There i s a c l e a r tendency f o r s h i f t s
t o be locus-dependent r a t h e r than t o occur i n t h e d i r e c t i o n of t h e formant p a t t e r n of t h e n e u t r a l vowel. Any d e v i a t i o n from t h i s tendency would reduce t h e r e g u l a r i t y of t h e p l o t s o r make them impossible, Thus i t appears p o s s i b l e t o r e p e a t t h e conclusion a r r i v e d a t p r e v i o u s l y t h a t , f o r t h i s type
of speech m a t e r i a l , c e n t r a l i z a t i o n plays a minor r o l e i n t h e r e d u c t i o n process whereas c o n t e x t u a l assimilat i o n might be a more important f a c t o r .
3.

I n a f i r s t approximation t h e r a t e at which vowel t a rg e t s a r e approached a s a f u n c t i o n of vowel d u r a t i o n appears t o be i n d e p n d e n t of t h e i d e n t i t y of t h e vowel a s i n d i c a t e d by t h e f a i r l y low amount of s c a t t e r .
These observations a r e i n agreement with t h e r e s u l t s obtained e a r l i e r . W e f u r t h e r note:
4.
Undershoot i n F2 can be observed not o n l y i n l a x but -a l s o i n t e n s e vowels.
5.
Comparing t h e t e n s e with t h e l a x d a t a we observe t h a t t h e two groups of p o i n t s c l u s t e r around t h e i d e n t i c a l s t r a i g h t l i n e s i n similar f a s h i o n s . For i n s t a n c e , a t vowels d u r a t i o n s of 100 msec displacements from t a r g e t s appear t o be about 50-60 percent of a given locus-to-target d i s t a n c e f o r both l a x and t e n s e vowels.
C l e a r l y t h e undershoot e f f e c k observed a r e dependent on t h e r a t e a t which our t a l k e r chooses t o perform, o r i s capable of performing, on-and off-glide movements w i t h i n t h e CVC s y l l a b l e s .
The s i m i l a r i t y between t h e ways i n which t h e two groups of vowel d a t a p a t t e r n suggests t h a t t h e t r a n s i t i o n r a t e s i n t h e CVC s y l l ab l e s may have been about t h e same f o r t e n s e and l a x vowels. T h i s i n t e r p r e t a t i o n l e n d s some support t o t h e assumption t h a t t h e durat i o n a l d i f f e r e n c e s t h a t normally c h a r a c t e r i z e t e n s e and l a x Swedish 
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vowels ( c f . Fig. 1-1 
a s t on-and off-glides from and t o adjacent consonants than with t h e r e l a t i v e duration of t h e s t a t i o n a r y portion in t h e vowel segment.
Cineradiographic d a t a
In c o l l a b o r a t i o n with Stevens and ohman a cineradiographic f i l m was made i n order t o obtain an i l l u s t r a t i o n of t h e a r t i c u l a t o r y processes underlying vowel reduction. The experiment a l procedures and techniques used t o obtain synchronized recordings of f i l m and sound were described previously by these i n v e s t i -
g a t o r s ( 2 ) o
Among t h e words recorded on t h e f i l m were 2 r e p e t it ions of /v d/ and / E ' d i~f / and 12 cases of / E ' dud/ some of which had been pronounced a t varying r a t e s . The t a l k e r was t h e one who spoke t h e above tense-lax material. Spectrographic measurements of formant frequencies showed t h e expected undershoot e f f e c t s f o r /u/ t h e l a r g e s t deviations i n F2 being of t h e orrler of 500 c/s.
Fig. 1-2 shows a t y p i c a l t r a c i n g of m i d s a g i t t a l cont o u r s made with t h e a i d of a p r o j e c t o r t h a t permits a d i s p l a y a t v a r i a b l e speeds and of individual frames. The d i s t a n c e i n time
between consecutive frames i s about 23 msec.
Various d i s t a n c e s between f i x e d and moving s t r u c t u r e s
were measured some of which a r e indicated i n t h e drawing. The l i n e s with arrows a r e defined r e l a t i v e t o s t a t i o n a r y components and have been s e l e c t e d a t points along t h e vocal t r a c t a t which t y p i c a l /dl-and /IT /-configurations a r e maximally d i s t a n t . The consistency with which t h e measurements t o be presented here could be repeated was found t o be within + 1 mm.
In t h e upper row of Fig. 1-3 
we see t h e a c t i v i t y of t h e upper l i p s a s a function of time. The lower row i l l u s t r a t e s t h e movement of t h e back of t h e tongue. The ordinate s c a l e s have a r b i t r a r y references. The l e f t column p e r t a i n s t o VC and CV s i t u at i o n s . In t h e r i g h t column a slow and a f a s t version of /€'dud/ have been aligned with respect t o t h e point of maximal displacement i n t h e vowels. Horizontal arrows i n d i c a t e t h e duration of t h e v o c a l i c segments and v e r t i c a l arrows t h e moments of implosion
f o r t h e i n i t i a l /d/. Fig. 1-2 . Tracing of m i d s a g i t t a l contours from s i n g l e frame of cineradiographic film. The l i n e s with arrows demons t r a t e v a r i o u s d i s t a n c e measurements i n terms of which the d a t a w i l l be presented i n t h e following f i g u r e s . h a s been examined t h e d a t a permit a few p r e l i m i n a r y o b s e r v a t i o n s most of which a r e i l l u s t r a t e d i n Fig. 1-3. 
.
A s t h e speaking tempo i n c r e a s e s t h e r a t e a t which a r t i c u l a t o r y components move toward t h e i r p o s i t i o n s i n t h e middle of t h e vowel does not i n c r e a s e . A s can be seen i n Fig. 1-3 t h e excursions of l i p and tongue curves a r e reduced a t f a s t tempos. This e f f e c t w i l l be d i s c u s s e d again i n connection with Fig. 1-4. A few comments can a l s o be made on t h e c o o r d i n a t i o n of l i p and tongue movements .
7.
The l i p a c t i v i t y a s s o c i a t e d with t h e vowel / u / i n / E Id&/ seems t o be i n i t i a t e d a t a point i n time c l o s e t o t h e moment of implosion of t h e i n i t i a l consonant. The r e l a t i v e t i m i n g of t h e s e e v e n t s appears t o be independent of t h e d u r a t i o n of t h e u t t e r a n c e s i n c e it i s c o n s i s t e n t l y found i n a l l t h e o t h e r c a s e s examined.
8.
S i m i l a r l y t h e a c t i v i t y i n t h e back of t h e tongue ass o c i a t e d with t h e on-glide i n t o /=/ seems t o s t a r t well ahead of t h e i n i t i a l p l o s i o n and more o r l e s s i n synchrony with t h e l i p a c t i v i t y o There i s one exc e p t i o n t o t h i s otherwise f a i r l y c l e a r t r e n d .
9. The moments of maximal displacement i n t h e l i p and t h e tongue curves tend t o coincide.
A f u r t h e r i l l u s t r a t i o n of a r t i c u l a t o r y undershoot e ff e c t s i s given i n Fig. 1-4 . Here t h e e x t e n t of t h e on-glide movement has been p l o t t e d a g a i n s t t h e i n t e r v a l between i n i t i a l and f i n a l implosions which d e f i n e s t h e d u r a t i o n of a r t i c u l a t o r y vowel segment. The term on-glide r e f e r s h e r e t o t h e complex of movements o c c u r r i n g between t h e moment of t h e i n i t i a l implosion and t h e point of maximal displacement i n t h e vowel. Each point with a d u r a t i o n a l v a l u e r e p r e s e n t s t h e mean of 4 measurements a l l made on t h e s y l l a b l e / E 'dud/.
These d a t a can be compared with t h o s e of t h e rightmost column which shows t h e e x t e n t of on-glide excurs i o n s i n /~d / ( l i p ) and /~I d v f / (apex, back tongue, hyoid bone), t h a t i s , i n s i t u a t i o n s where we can assume t h a t c o n t e x t u a l e f f e c t s on t h e e v e n t s s t u d i e d a r e minimal, A s t h e vowel g e t s l o n g e r t h e e x t e n t of t h e on-glide movement becomes l a r g e r i n t h e upper l i p , i n t h e r e g i o n of t h e 
